1,2 is an acute vasculitis that affects medium-sized muscular extraparenchymal arteries, with a predilection for the coronary arteries (CA). 3, 4 Echocardiography is recommended at KD diagnosis (baseline), 1 to 2 weeks after treatment, and 4 to 6 weeks after treatment (generally corresponding to 2 weeks and 4 to 6 weeks after fever onset) to maximize detection of CA abnormalities and to guide therapy. 5 Imaging of the CAs at 2 weeks is particularly important, because new abnormalities in the early weeks of illness should prompt the consideration of additional antiinflammatory and anticoagulant therapies that are time-sensitive. 6 Although inclusion of echocardiographic imaging at 6 weeks maximizes sensitivity for detection of coronary abnormalities, its benefits in a lowrisk group must be balanced against financial cost, inconvenience to the family, and potential (albeit rare) adverse effects of sedation required to obtain the necessary coronary images in many infants and toddlers. In particular, in the patient with uncomplicated KD with a maximum CA z score less than 2.0 in the first 2 weeks after diagnosis and the absence of distal aneurysms at both baseline and 2 weeks, we hypothesized that subsequent echocardiographic imaging would demonstrate normal CAs.
In this retrospective review, we evaluated whether findings on echocardiography performed more than 3 weeks after illness onset altered management of children treated for KD within the first 10 days of illness and who had normal CA dimensions both at diagnosis and 2 weeks of illness.
Methods

Patient Population
We conducted a retrospective medical record review of patients who received intravenous immunoglobulin (IVIG) as treatment for complete or incomplete KD within 10 days of onset of illness at Boston Children's Hospital or Rady Children's Hospital San Diego from 1995 through 2014. Permission to conduct the study was granted by the Boston Children's Hospital institutional review board. Waiver of informed consent was granted because of the use of deidentified data from existing medical records.
We restricted our analyses to patients who had at least 1 available echocardiographic measurement of the proximal right coronary artery (RCA) and the left anterior descending (LAD) CA at 3 times: baseline (≤10 days), 2 weeks (±1 week; 7 to 21 days), and 6 weeks (±3 weeks; 22 to 63 days) from the onset of fever. (eTable 1 in the Supplement presents details on excluded patients.) For patients who had multiple CA measurements during the relevant period, we used the largest CA z score during that period. We did not include left main CA dimensions in our analyses because of the known anatomic variability of this CA segment compared with the LAD and RCA. 7 We excluded patients coded in our clinical database as having distal coronary aneurysms in the absence of dilation (z score ≥2.0) of proximal CA z scores at either the baseline or 2-week echocardiographic imaging, patients evaluated as a second opinion, or experiencing a second episode of KD. Patients were also excluded if they had congenital heart disease, if the date of onset of illness was unknown, or if documentation of IVIG treatment was unavailable in the medical record.
Clinical Characteristics
Using the electronic medical records, paper records, and quality improvement databases, we collected the following sociodemographic variables: age at onset, race/ethnicity, and sex. We extracted clinical characteristics including the date of onset of illness, date of initial IVIG treatment, KD criteria, and types of KD treatments (including IVIG, retreatment with IVIG, and additional therapies). For patients with abnormal CA imaging at 6 weeks, defined by a z score of 2.0 or more, we reviewed clinical records.
To assess CA z scores, we used CA dimensions, height, and weight recorded in the original echocardiography readings to calculate z scores of the proximal RCA and the LAD. 8, 9 We used the z score calculator currently in use at Boston Children's Hospital, 7 using these formulas (dimensions in millimeters;
BSA indicates body surface area): We also collected absolute dimensions and relevant z scores for other echocardiographic parameters, including aortic root and left ventricular ejection fraction.
Statistical Methods
Patient characteristics, including CA z scores and other echocardiographic parameters, were described as either mean (SD) or median (interquartile range [IQR]), as appropriate. We compared characteristics for the Boston, Massachusetts, and San Diego, California, sites using the Fisher exact test for categorical variables and the Wilcoxon rank sum test for continuous variables. For the primary analysis, we examined patients who had normal CA dimensions, defined as proximal RCA and LAD z scores less than 2.0 at baseline and 2 weeks, and who were without known distal aneurysms. We estimated the proportion of patients who had progression of either their proximal RCA or LAD z score from normal (<2.0) to abnormal. Abnormal was defined as CA z score of 2.0 or more. We calculated 95% CIs to assess the upper bound of
Key Points
Question In children with uncomplicated Kawasaki disease with previously normal coronary arteries, what is the benefit of follow-up echocardiography 6 weeks after an initial examination?
Findings In this study of 464 patients with Kawasaki disease who had normal coronary artery z scores at baseline and 2 weeks, 456 (98.3%) continued to have normal dimensions at 6 weeks. Of the 8 patients (1.7%) whose coronary arteries were larger than normal, dimensions were minimally dilated and ultimately regressed to normal in 7 patients and nearly normal in 1 patient.
Meaning
In patients with Kawasaki disease who had initially normal coronary artery measurements, new abnormalities were rare at 6 weeks, which suggests limited benefit of 6-week echocardiographic imaging in patients with uncomplicated Kawasaki disease.
the proportion of patients who may have a CA z score that enlarges at values greater than 2.0.
We performed sensitivity analyses using higher CA cut points to define normal CA dimensions at baseline and 2 weeks. For these additional analyses, patients met the same inclusion and exclusion criteria but had maximum z scores at baseline and 2 weeks of 2.5 or less (eg, including CA dilation), and separately 3.0 or less (eg, including small aneurysms). Because many patients were excluded because of missing echocardiographic data at either the baseline or 2-week points, we conducted an additional sensitivity analysis including all patients with any available echocardiographic image within 21 days of illness onset with CA z scores less than 2.0, even if they only had 1 such echocardiogram, to determine whether patients with more limited echocardiographic data had similar CA outcomes at 6 weeks.
Analyses were performed using Stata version 14 (StataCorp) from March 2015 to November 2015. Two-tailed P values were used, and values less than .05 were considered significant.
Results
Characteristics of Patient Population
At the 2 centers between 1995 and 2014, there were 1203 patients who had been treated for KD and had available RCA and LAD z scores at baseline, 2 weeks, and 6 weeks ( Figure 1 ). Exclusion criteria were present in 359 patients (29.8%), and 380 patients (31.6%) had abnormal CAs at baseline or 2 weeks. Thus, 464 patients met entry criteria and formed the cohort for the primary analysis.
The patients included in our analysis are described in Table 1 . In our cohort, 264 patients (56.9%) were male, the median age was 3.3 years (IQR, 1.8-5.4 years), and 351 of 414 for whom data was available (84.8%) had complete KD. Based on inclusion criteria, all were initially treated with IVIG; 66 (14.2%) received IVIG retreatment. No patients received additional antiinflammatory treatments for KD, aside from medications administered to participants in randomized clinical trials; in these, 26 of 370 patients in Boston (7.0%) received steroids, and 49 of 94 patients in San Diego (52.1%) received infliximab as primary adjunctive therapy. When patient characteristics were compared between sites, a greater proportion of the San Diego patients were 
Echocardiographic Measurements
By entry criteria, echocardiographic measurements were normal at baseline and 2 weeks. At 6-week follow-up ( Table 2 and Figure 2 ), CA z scores were normal in 456 patients (98.3%; Table 3 ). Of the remaining 8 patients, the maximum z score was 2.0 to 2.4 in 5 patients (1.1%); the z scores normalized in all 5 patients by the 1-year echocardiographic follow-up examination. The maximum z score was 2.5 to 2.9 in 1 patient (0.2%), who continued to receive low-dose aspirin until the next echocardiographic examination at 6 months, which showed normal CA dimensions. The maximum z score was 3.0 or greater in 2 patients (0.4% [95% CI, 0.1%-1.5%]); z scores measured in the normal range at the next echocardiographic imaging, which occurred 3 weeks later in 1 patient and 3 years later in the other. At late follow-up, all except for 1 patient had normal CA z scores; 1 patient had an RCA z score of 2.1 at 6 weeks after onset of illness, with no subsequent imaging available. There were 2 patients included in this cohort with normal CAs at baseline, 2 weeks, and 6 weeks who had maximum z scores greater than 3.0 at a later measurement. One patient had an LAD z score of 3.12 at 1 year and 14 days after fever onset. The last available coronary imaging 4 years after onset of illness showed an LAD z score of 2.12. The second patient had an RCA z score of 3.25 at 1.3 years after fever onset; however, the report summary described normal coronary arteries, and the last available echocardiographic imaging 6 years after the onset of illness reported a normal RCA (0.26 cm; z score, 0.9) and normal left ventricular function. At last follow-up, neither patient had cardiac symptoms, was under any activity restrictions, or took any cardiac medications.
We performed sensitivity analyses to explore whether patients with mildly abnormal CAs at baseline and 2 weeks had similar results using maximum z score cut points of 2.5 and 3.0 (instead of 2.0). The 6-week echocardiography results were similar to those obtained using the more stringent z score cut point (Table 3) . When rather than requiring 2 separate echocardiographic images at baseline and 2 weeks, we instead included any patient in whom all echocardiograms obtained within 21 days of illness onset had coronary maximum z scores of 2.0 or less (even if there was only 1 such echocardiogram), an additional 305 patients were available for analysis. The results were similar, with 752 of 769 patients (97.8%) having a maximum z score less than 2.0 at 6 weeks (Table 3) .
We compared clinical characteristics of those patients included in the analysis cohort with those excluded from the cohort because of incomplete echocardiographic data (n = 1204). Maximum coronary artery z scores of right coronary artery (RCA) and the left anterior descending coronary artery (LAD) are shown as means (circles), medians (lines), interquartile ranges (boxes), and minimum to maximum ranges (whiskers).
Discussion
Frequent echocardiographic follow-up of patients with KD is recommended because coronary enlargement can progress rapidly in the acute phase of the illness, aneurysms carry significant risk, and adjunctive KD therapies should be administered as early as possible. 5 Fortunately, longitudinal follow-up has shown that children with CA dimensions that are always normal have an excellent prognosis, and recent guidelines recommend that patients who have had no coronary enlargement in the first 6 weeks of illness may be discharged from follow-up. 5 A single study published in 1999 showed minimal added benefit of echocardiographic imaging beyond 6 weeks. 10 In our review of patients with KD evaluated and treated at 2 large clinical centers, we found nearly all of the patients (98.3%) with completely normal RCA and LAD coronary dimensions at baseline and 2 weeks (with maximum z scores <2.0) had normal CA dimensions at 6 weeks, and 99.8% of the children with maximum z scores of less than 2.5 had subsequently normal CA dimensions, using the cut point for aneurysms set by the 2017 Kawasaki American Heart Association Statement. 5 Our findings are consistent with a report suggesting that baseline coronary z scores greater than 2.5 are predictive of coronary aneurysms. 11 Furthermore, those few children who began with normal CAs in the first 2 time windows and whose CA z scores became abnormal at 6 weeks had only mild CA dilation or small aneurysms and did not require additional antiinflammatory therapies or anticoagulation. Indeed, virtually all patients (n = 463 of 464 [99.7%]), even those with mild abnormalities, had a return of dimensions to within normal limits on available late follow-up imaging. Thus, this study suggests that there is limited usefulness to performing a 6-week echocardiographic examination in the patient with otherwise uncomplicated KD in whom coronaries are visualized and normal at diagnosis and 2 weeks after illness onset. Our analysis highlights the degree to which, despite relatively good reproducibility of CA measurement, the use of a dichotomous cutoff as a basis for important clinical decision making has important limitations. Small differences in dimension (fractions of millimeters) may tip a finding higher than or lower than such a dichotomous z score cutoff. 7 Measurement variation has the largest effect on z scores when coronary dimensions are small, as in infants, and may be of clinical significance in patients with z scores just below the threshold of 2.0. Rarely, patients with KD can have normal proximal RCA and LAD z scores with distal aneurysms; these study results would not apply to such individuals, because patients coded in the clinical database with aneurysms at baseline or 2 weeks were excluded from our cohort. None of the patients with normal baseline and 2-week CA proximal z scores were noted to have isolated distal aneurysms at late follow-up.
Limitations
Although we had reasonable medium-term longitudinal follow-up for many of the patients, we were unable to assess the consequences of very mild dilation of the coronaries (ie, with largest dimensions in the range of z scores of 2.0 to 2.5) with remodeling to normal on outcomes in later life; to our knowledge, the association of CA remodeling with long-term outcomes is unknown. This study did not formally assess cost-effectiveness. However, eliminating 1 echocardiographic examination for approximately 70% of the 6000 new cases of KD in the United States annually 12 could translate into substantial savings through eliminating approximately 4200 follow-up echocardiograms per year. This study did not solicit parental perspectives on echocardiographic imaging in children with previously normal CA dimensions. It is possible that parents are reassured by additional imaging, minimizing the potential for mislabeling children with cardiac nondisease. However, parents may view the benefit of such reassurance as being outweighed by the risks of sedation.
Our study has additional limitations. As this was a retrospective medical record review of clinical care, the timing and extent of the echocardiographic images was determined by clinical practice. Sensitivity analyses including patients with any available echocardiographic data (eg, a single echocardiographic examination or incomplete imaging of all CAs) within the first 21 days of onset of illness showed similar results. Comparison of the children included with those excluded from the analysis because of incomplete echocardiographic data showed patients included in the study were slightly older (median [IQR] [5] [6] [7] [8] [9] days; P < .001). The difference in age may be associated with ease of imaging, and the difference in ethnicity might be associated with differences in imaging practice by site (in Boston vs San Diego); the small difference in days of fever is likely to be of low clinical significance.
Whereas CA z scores used in this analysis were calculated using current z score formulas in use at Boston Children's Hospital, clinical decisions were made based on the measurements and z scores available at the time that the echocardiographic examination was performed. A comparison of commonly used CA z score calculators showed low variability in the mildly dilated range. 7 For these reasons, a few patients with abnormal z scores using current algorithms were described in past medical records as having normal coronary dimensions. Treatment and follow-up decisions were made based on contemporaneously recommended cut points, 3 rather than based on the 2017 American Heart Association Guidelines. Our findings may have limited generalizability because they represent the experience of 2 academic medical centers with large KD programs. Despite small differences in clinical practice between the 2 centers (eg, institutional experience, caregiver subspecialty, and treatment approach beyond IVIG), clinical and sociodemographic factors of patients from each center were generally similar.
These findings cannot be applied to patients with KD who have congenital heart disease, 13 in whom coronary z scores may differ from those without structural heart disease. These findings may not apply to infants with KD younger than 6 months, who may have clinically significant variability in z scores with even small differences in absolute measurements and who are at higher risk for adverse CA outcomes. 14 Finally, our study findings should not be used to eliminate echocardiograms in children whose initial CA dimensions are abnormal; these children often require even greater frequency of coronary imaging. 5 
Conclusions
We found that, among patients with uncomplicated KD treated within the first 10 days of illness and with z scores of the proximal RCA and LAD less than 2.0 at baseline and 2 weeks, only 1% had mild enlargement on the 6-week echocardiographic examination; using a cut point of 2.5, we found that only 0.2% had abnormal dimensions at 6 weeks. No significant CA dilation was found on available late follow-up imaging. With an initial CA z score cut point of 2.5, 99.5% of included patients were normal at 6 weeks. Future work should examine whether our findings are validated in other settings and populations, and if confirmed, consideration should be given to a cost-benefit analysis on eliminating the 6-week echocardiographic examination in patients with low-risk KD with initially normal coronaries. 
